Two natural products Polypodium leucotomos extract (PL) and kojic acid (KA) were tested for their ability to scavenge reactive oxygen species (
Introduction
Reactive oxygen species (ROS) (including superoxide anion
, hydroxyl radical · OH, singlet oxygen 1 O 2 , and hydrogen peroxide H 2 O 2 ) have been considered to be important agents of aging and various human diseases (1, 2) , such as cancer, heart diseases, multiple sclerosis, Parkinson's disease, autoimmune disease, stroke, and others. Among the various radicals, the hydroxyl radical is presumed to play a central role due to its strong activity (3) . The use of antioxidants that can scavenge ROS has been studied by evaluating its potential and therapeutic applications. Superoxide and hydrogen peroxide are ROS primarily formed by phagocytic cells. In inflammation processes superoxide may react with hydrogen peroxide leading to the most deleterious ROS, the hydroxyl radical. ROS, like singlet oxygen, hydroxyl and superoxide radicals, are often generated in biological systems during photosensitized oxidation processes (4) (5) (6) .
In the last 20 years a new approach using exogenous photosensitizers employed in the photodynamic therapy of cancer has been developed and is now under clinical use and investigation in different countries of Europe, the US, Canada, and Japan. The protec-tive effect of free radical scavengers against the side effects of phototoxicity on normal tissue has been frequently investigated (5, 6) . Six kinds of scavengers (L-ascorbic acid, reduced glutathione, a -tocopherol, retinol, uric acid and cystine) showed a protective effect on normal tissue when injected intraperitoneally. A wide range of antioxidants, both natural and synthetic, has been proposed for use in the treatment of many human diseases. Among naturally occurring antioxidants, superoxide dismutase (7), a -tocopherol (8) , ascorbic acid (9,10), catalase (11) , glutathione (12, 13) , and carotenoids (14) have been receiving considerable attention. Thiols (N-acetylcysteine) (15) (16) (17) , xanthine oxidase inhibitors (allopurinol, oxypurinol) (18, 19) , Trolox C (20) , and probucol (21) have been used as synthetic molecules.
In the present investigation we studied the antioxidant properties of two natural products, Polypodium leucotomos extract and kojic acid, a well-known antioxidant agent against ROS.
The first natural product evaluated in this study was an extract from Polypodium leucotomos (PL) that has been used in Central America for the treatment of several phlogistic disorders, including skin-associated inflammatory problems (psoriasis, atopic dermatitis) (22, 23) . PL has shown an antioxidant action in several studies (24) .
The other natural antioxidant studied was kojic acid (KA), a fungal metabolite produced by some species of Aspergillus, Penicillium and Acetobacter, which was first isolated from Aspergillus in 1907. It is a transparent crystalline particulate substance highly soluble in water, ethanol and acetone. KA of high purity (>99%) and known structure is obtained from Aspergillus and is used for topical application (25, 26) . In the present study we investigated the inhibitory effect of PL and KA separately against ROS ( 
Material and Methods

Reagents
2-Deoxy-D-erythro-pentose (deoxyribose), hypoxanthine, xanthine oxidase, nitroblue tetrazolium (NBT), Fe(SO 4 ) 2 (NH 4 ) 2 , guaiacol, superoxide dismutase (SOD), horseradish peroxidase (HPO) type II, 7-hydroxy-6-methoxy-2H-1-benzopyran-2-one (scopoletin), rose bengal, histidine, n,n-dimethyl-4-nitroso-aniline (RNO) and 2-thiobarbituric acid (TBA) were purchased from Sigma (St. Louis, MO, USA). KA was from Aldrich Chemical Co. Inc. (Milwaukee, WI, USA). Hydrogen peroxide was from RiedeldeHaen (Darmstadt, Germany). Potassium hydroxide and sodium hydroxide were from Merck (Darmstadt, Germany). PL extract was obtained from Laboratories Cantabria (Industrial Farmaceutica Cantabria, Madrid, Spain; lot 009314). All other reagents were of the highest quality available from Nuclear Chemical Co. (São Paulo, SP, Brazil).
Fractionation of the Polypodium leucotomos extract
PL extract was treated as described by Tuominen et al. (23) (Figure 1 ). The antioxidant properties of the low molecular weight fraction isolated by this procedure were evaluated against ROS (
Hydroxyl radical generation
The hydroxyl radicals were generated by incubating the following reagents at the indicated concentrations at 37ºC for 60 min and are known as a Fenton system: 10 mM KH 2 PO 4 -KOH, pH 7.4, 20-100 µM Fe(SO 4 ) 2 (NH 4 ) 2 -EDTA, 1.42 mM H 2 O 2 , 0.0-1.0 mg/ ml antioxidant and 2.8 mM deoxyribose in a final volume of 1.0 ml. The iron salt was premixed with a chelator before addition to the reaction mixture. The extent of deoxyri-bose degradation by the formed hydroxyl radicals was measured directly from the aqueous phase by the TBA method as described below (27) (28) (29) .
TBA test: 1.0 ml TBA (1%, w/v, in 0.05 M NaOH) and 1.0 ml 2.8% (w/v) trichloroacetic acid were added to glass tubes containing the reaction mixture. The tubes were heated at 100ºC for 15 min and, after cooling, the chromogen formed was extracted with 3 ml n-butanol. The values of absorbance measured at 532 nm were recorded for each tube. The data were treated in plots of 1/Abs 532 versus concentration to obtain the quenching rate constants (K S ) as described by Halliwell and co-workers (27, 28) . Similar measurements were made on two reference compounds (ethanol and ascorbic acid) and the results agreed with those reported in the literature (28, 29) .
Hydroxyl radicals were generated by the Fenton reaction, which can be described by the following scheme:
Fenton system and TBA test:
Superoxide anion profile
Superoxide anion radicals were produced by using the hypoxanthine-xanthine oxidase system (27, 30, 31) . The composition of the reaction mixture (1.0 ml) was as follows: 50 mM KH 2 PO 4 -KOH, pH 7.4, 1 mM EDTA, 100 µM hypoxanthine, and 100 µM NBT. The reaction was started by adding 0.066 units of xanthine oxidase freshly diluted in 100 µl of phosphate buffer. All measurements were performed in triplicate.
-production was evaluated spectrophotometrically by monitoring the reduction of NBT to nitroblue diformazan at 560 nm (31) .
The generation of · O 2 -was quantitatively estimated as a function of increasing antioxidant concentration (0.0 to 1.0 mg/ml) and by recording the decrease in absorbance at 560 nm. The results are expressed as percent inhibition of NBT reduction by PL (30%) and KA (31%) using SOD (99%) as a reference compound.
Control experiments were performed to determine whether PL and KA themselves directly reduce NBT or inhibit xanthine oxidase. Thus, the compounds were added to solutions containing 100 µM NBT in phosphate buffer, and absorbance was measured at 550 nm. Their action on xanthine oxidase was tested by measuring uric acid formation under the conditions given in the previous paragraph but with xanthine as substrate, and absorbance was measured at 295 nm (15-min incubation, 25ºC). The activity of PL and KA in the presence of NBT showed no reduction of this compound. Results are expressed as percent inhibition of uric acid production. The activity of the generation of the uric acid system alone was 0.385 ± 0.007 Abs 295 U/ min and no generation of uric acid was observed in the presence of either compound tested (PL and KA: 0.1 and 0.3% of inhibition, respectively).
Hydrogen peroxide assay
Hydrogen peroxide (H 2 O 2 ) was detected by the scopoletin peroxidase assay (27, 32) . Scopoletin (5 µM) was added to a 1-cm light path cuvette containing 50 µl of 1.0 mg/ml HPO and the antioxidants PL and KA (0.0 to 0.1 mg/ml) in 150 mM KH 2 PO 4 -KOH buffer, pH 7.4. The cuvettes were maintained for 5 min at 37ºC (27) , amounts of H 2 O 2 (0.1 mM) were added and H 2 O 2 was quantified after 5 min of incubation using a fluorescence spectrophotometer (32) . The excitation light was set at 350 nm. The intensity of the emission fluorescence at 460 nm was monitored and recorded continuously with a HITACHI F-4500 spectrofluorometer. The measurement was obtained in triplicate and the system was standardized in the absence of antioxidants with a known amount of peroxide (27, 32) .
Singlet oxygen assay
Irradiation was performed using a Surulite I-10 Nd-YAG laser system from Continuum (Santa Clara, CA, USA) operating at 355 nm, 8 ns per pulse at 10 Hz. The absolute energies at this wavelength range from 130 to 150 mJ per pulse. This light was used to pump a SLOPO laser from Continuum operating at 545 nm. The sample was placed in a standard 10-mm quartz cuvette cell holder at a distance of approximately 60 cm from the irradiation source. The laser beam (circular profile with a diameter of about 6 mm) was directed at the geometric center of the quartz cuvette. The pulse energy was typically 5 mJ/pulse as measured with a Field Master Power-meter from Coherent (Auburn, CA, USA) with an L30 V head. The maximum irradiation time was 60 s. The laser energy was monitored throughout the course of the experiment.
The production of 1 O 2 was obtained using a photosensitized method proposed by Kraljic and El Mohsni (33) . A solution of 50 µM RNO in 50 mM phosphate buffer, pH 7.0, was mixed with 10 mM histidine used as a selective acceptor of 1 O 2 , leading to RNO degradation. Rose bengal (10 µM) was used as photosensitizer. These solutions were irradiated with 545 nm light from an Nd-YAG/OPO laser and the subsequent bleaching of RNO was recorded spectrophotometrically at 440 nm. The scavenging potential of PL was compared with that of the known 1 O 2 scavenger NaN 3 used as reference compound. The results for PL and KA (absence of NaN 3 ) were obtained in triplicate and the inhibition of 1 O 2 production was expressed as percent of control values (33) (34) (35) .
The reaction between histidine and 1 O 2 results in the formation of a transannular peroxide that can bleach RNO (which can be followed at 440 nm). In the absence of histidine, there is no measurable loss of RNO, thus neither 3 S nor 1 
Results and Discussion
The first ROS studied was the hydroxyl radical, a powerful oxidant and one of the most deleterious species produced by the Fenton/Haber-Weiss reaction in all biological systems. Our results for the compounds studied are shown in Table 1 . The values obtained for the two compounds in buffer medium (KA and PL) showed a K S value of about the same order of magnitude as ethanol and ascorbic acid, both powerful hydroxyl radical scavengers.
None of the compounds interfered with the TBA test, since they did not alter the color formation when they were added at the end of incubation with the TBA reagents instead of being included in the reaction mixtures. Possible formation of peroxides leading to additional color formation during the heating step did not influence the results (27) .
We also investigated the ability of PL and KA to scavenge superoxide anions. The ability of PL to inhibit the generation of
-was monitored by the NBT assay with the formation of diformazan (31) , as shown in Figure 2 .
The property of diluted aqueous extracts of PL and KA of inhibiting
--dependent NBT reduction can be seen in these plotted graphs. It should be noted that PL and KA showed no evidence of production of
itself in the absence of the generation system. In the presence of buffer medium, PL showed a substantial 31% reduction in the detection of
-and KA showed a 30% reduction at 1.0 mg/ml. All measurements were compared with control experiments using SOD as a reference scavenger showing 99% inhibition. These results show that PL and KA could act directly on · O 2 -leading to its inactivation at the beginning of the ROS cycle generation.
Hydrogen peroxide, like superoxide, is not particularly reactive with most biologically important molecules, but is an intracel- lular precursor of · OH. Produced in the presence of different concentrations of antioxidant compounds, the remaining amounts of hydrogen peroxide present in the medium were determined by the scopoletin peroxidase assay. The data concerning the antioxidant activity of PL and KA against hydrogen peroxide are summarized in Figure 3 .
When KA was tested in the 0.0 to 1.0 mg/ ml range using the scopoletin peroxidase system a saturation effect was observed. KA was also tested in the 0.0 to 0.1 mg/ml concentration range, exhibiting 2.9% inhibition.
PL as an antioxidant compound was studied in the concentration range of 0.0 to 0.1 mg/ ml, with 2.5% inhibition of H 2 O 2 in buffer medium. All measurements were compared to control experiments using catalase as a reference scavenger (99% inhibition).
Among all ROS studied, · OH possesses a rate constant of the order of 10 10 M -1 s -1 , and is difficult to measure by spectroscopic methods. However, based on their quenching rate constants (Table 1 OH at the beginning and at the end of the Fenton reaction system.
Over the last few years, many studies have reported that ROS production can be used for the treatment of neoplastic diseases, a procedure known as photodynamic therapy. The two major species produced during a photosensitization process are 1 
OH.
Another ROS evaluated in the present study was singlet oxygen ( 1 O 2 ). In biological systems, 1 O 2 is generated by absorption of incident light at specific wavelengths by excitable endogenous or exogenous molecules known as photosensitizers. A large number of sensitizers occur naturally in organisms (riboflavin, 4-thiouridine, etc.), but many others need to be added exogenously to the system. The energy of the triplet excited state for the sensitizers is then transferred to an adjacent triplet oxygen molecule, transforming molecular oxygen to the singlet oxygen (1) .
When the ground state O 2 is excited to a higher energy state, singlet 1 O 2 is formed. This form of oxygen is also a harmful species to biological systems and its production under controlled conditions has been extensively studied in the last two decades as the basis of an alternative approach to the treatment of neoplastic diseases known as photodynamic therapy (36) .
In our studies, the formation of singlet oxygen was detected by the method of Kraljic and El Mohsni (33), whereby solutions containing RNO and a photosensitizer (rose bengal) were irradiated with 545 nm light isolated from an Nd-YAG/OPO laser. The subsequent bleaching of RNO was recorded spectrophotometrically at 440 nm. Figure 4 shows that increased concentrations of the antioxidant species (PL and KA) reduced the photobleaching rate of RNO. On the basis of these results, we conclude that PL was the most effective quencher of singlet oxygen (43%), followed by KA, with 36% inhibition. All measurements were compared to control experiments using sodium azide as a reference 1 O 2 quencher with 99% inhibition.
Our results show that PL and KA had an efficient antioxidant activity against three of the four ROS (
-and 1 O 2 ) tested here and showed a low efficiency in hydrogen peroxide scavenging. The scavenger activity observed against superoxide anion is particularly important because, despite its mild reactive property (a rate constant of 10 -2 M -1 s -1 ), it is a potential precursor of the aggressive hydroxyl radical produced in the Fenton and Haber-Weiss reaction. The same could be assumed about its action against hydroxyl radicals.
Another ROS evaluated in the present study was singlet oxygen. Both antioxidants tested showed efficacy in quenching this species. These ROS are produced routinely during the photodynamic therapy of neoplastic diseases and others such as diabetes and arteriosclerosis. Together with the superoxide anions, these are the two basic species involved in the photosensitization process. Given this, both PL and KA could be used as nontoxic naturally occurring antioxidant products during photodynamic therapy blocking the action and side effects of many ROS produced outside the main target, i.e., the neoplastic cells.
